Oxygenation and differentiation in multicellular spheroids of human colon carcinoma.
Oxygenation and development of necrosis were evaluated in multicellular spheroids of poorly differentiated (HT29) and moderately well-differentiated (Co112) human adenocarcinoma of the colon. Spheroids were grown in vitro under well-controlled oxygen and nutrient conditions in spinner flasks up to sizes of 2800-micron diameter after 5 wk of culture. Morphological studies showed that the Co112 spheroids contained pseudoglandular structures with lumen, very similar to the characteristics of the original tumor specimen from the patient and to the cells when grown as xenograft tumors in nude mice. Microelectrodes were used to measure the oxygen tension (PO2) profile within individual spheroids at different stages of growth. Histological sections through the centers of spheroids were measured to determine the thickness of the viable rim of cells surrounding spheroid necrotic centers in order to estimate the size of the severely hypoxic zone of cells by comparison with the PO2 profiles of the same spheroids. The data demonstrate significant differences between these two human colon tumor spheroid systems. Both spheroid types exhibited steep PO2 gradients at relatively small sizes of less than 600-micron diameter, but for any given size in this range, the more differentiated Co112 spheroids were more hypoxic. Although severe hypoxia (PO2, less than 10 mm of Hg) was present in both spheroid types at larger sizes, there was a significant difference in the central PO2 values which were between 5 and 10 mm of Hg in large Co112 spheroids but remained at or close to 0 mm of Hg in large HT29 poorly differentiated human colon tumor spheroids. The presence of pseudoglandular structures and lumen in the Co112 spheroids was associated with changes in the shape of PO2 profiles. Such profiles have not previously been seen in other poorly differentiated human or rodent tumor spheroids. Furthermore, the PO2 profiles of both of these human tumor spheroid types were often continuously curving with a very shallow gradient in the inner edge of the viable rim of cells surrounding the necrotic center. Regulation of oxygen consumption and/or diffusion in these inner regions of human spheroids could produce these continuously curving PO2 gradients.